We probed how processing of luminance increments and decrements interacts with attention dependent substitution masking. Results showed that a target was identified better when surrounded by an opposite polarity mask as compared to the same polarity mask. Opposite polarity mask decreased an effect of distracters, indicating influence on the time of directing attention to a target. The opposite polarity mask decreased masking when delayed for longer than 100 ms. Stimuli with the same polarity but different contrast showed increased masking with high contrast mask. Luminance processing, particularly polarity processing, probably enables faster formation of distinct object representation, interacting with attentional selection processes in object substitution masking.
Introduction
One way to study perceptual interaction of visual object processing details and attentional processes is to use the object substitution masking paradigm. Di Lollo, Enns, and Rensink (2000) have described substitution masking that appears to involve relatively high-level attention and object-recognition mechanisms. Substitution masking is said to occur when the emerging representation of the target object comes into conflict with the emerging representation of the mask object. The masking effect can be seen even when the possibility of the contour masking (Breitmeyer, 1984; Francis, 1997) is minimized. Substitution masking occurs when the target stimulus is flanked only by four dots (the mask) corresponding to the corners of an imaginary square surrounding the target and the onset of the mask is simultaneous with the target. If the mask offset is also simultaneous with the target, there is little impairment of target visibility. If the mask offset is delayed relative to the target offset, discrimination performance drops rapidly with no recovery at long delays. The performance drop also depends on the number of distracters or location uncertainty (Di Lollo et al., 2000) . When distracters are in view, their similarity with the target is important, as is target eccentricity (Di Lollo et al., 2000; Jiang & Chun, 2001 ) because they increase the time interval needed to direct attention to a target. Object substitution masking effect is seen in behavioral results as a decrease in the target identification accuracy depending on how long a mask offset is delayed relative to a target offset. The decrease becomes gradually larger with the more attention delaying stimuli on the display.
Although high-level processes such as attentional selection of the target object have been under inspection in substitution masking studies (Di Lollo et al., 2000; Gellatly, Pilling, Cole, & Skarratt, 2006; Jiang & Chun, 2001; Lleras & Enns, 2004; Lleras & Moore, 2003; Moore & Lleras, 2005 ), manifestations of low-level effects should not be overlooked. Masking effect dependent on low-level features and observed in substitution masking conditions (local contour interaction, luminance, color) should be seen within less than 80 ms from stimulus onset (Di Lollo et al., 2000; Spencer & Shuntich, 1970) . Spencer and Shuntich (1970) Low-level processing that affects visual masking has been studied in different visual masking paradigms. Closest to object substitution masking are metacontrast masking studies. Metacontrast masking occurs with specific stimuli capable of invoking sensory lateral interactions and within precise time interval between the onsets of the stimuli. More specifically, it would occur due to the close placement of contours of the target and the mask, the latter following the target within 30-100 ms (Bachmann, 1994; Bouma, 1970; Breitmeyer, 1984; Enns & DiLollo, 1997; Turvey, 1973) . There are several theories that are jointly able to explain most of the metacontrast masking results: (a) transient-on-sustained inhibition theory (Breitmeyer, 1984; Breitmeyer & Ganz, 1976; Breitmeyer & Ogmen, 2000) ; (b) perceptual retouch theory (Bachmann, 1984; Bachmann, 1994) ; (c) laminarily structured adaptive resonance theory (LAMINART) (Raizada & Grossberg, 2001) (d) and (e) attentional object-substitution theories (Bachmann & Allik, 1976; Di Lollo et al., 2000; Enns & DiLollo, 1997) and (f) local-contour-interaction theory (see (Francis, 1997) for an overview). Most of these theories are able to explain and none are contradicting the fact that for the contour judgment task the optimal metacontrast masking is around 10 ms (stimulus onset asynchrony-SOA). For the brightness judgment task the optimal metacontrast masking is around 40 ms (SOA). This indicates that an object's surface brightness is effectively processed about 30 ms later than it's contour (Breitmeyer, 2007; Breitmeyer et al., 2006) . RECOD model that is based on transient-onsustained theory assumes that a target's contour and surface information are separately processed by form processing P-interblob and surface-processing P-blob cortical pathways (Breitmeyer, 2007) . The brightness processing based on a contour of the mask ring that influences a luminance ''filling-in" or in other words, an inward propagation process of the target area, is explained using the Feature Contour System in the LAMINART model. According to LAMINART, separate processing of edges or boundaries is performed by the Boundary Contour System (Grossberg & Mingolla, 1985; Grossberg, Mingolla, & Ross, 1994; Raizada & Grossberg, 2001 ). Becker and Anstis (2004) also showed experimental data that supported the ''filling-in" idea and found that when a target and a mask had the same contrast polarity, metacontrast masking occurred and when a target and a mask had opposite contrast polarity (e.g., white and black on a gray background), there was no masking.
Contour processing mechanisms probably have minimal impact in object substitution masking because the mask is sufficiently far from the target. However, the influence of a single low-level pop-out feature of a target such as a large luminance or color difference has been studied (Di Lollo et al., 2000; Moore & Lleras, 2005) . Di Lollo et al. (2000) argue that a target with a ''pop-out" feature would suffer significantly less from substitution masking because attention would be drawn to the target fast enough to enable identification before the mask substitutes the target. We became curious about how lower level features such as luminance increments and decrements are processed in the substitution masking conditions. Di Lollo and his colleagues seem to be in favor of the idea that lower level features are processed in isolation from the high-level attentional processes. This could indeed be the case with the contour processing that has been shown to be faster from the luminance processing in the metacontrast masking studies. However, since luminance processing was slower it may interact more with attentional processes.
Two experiments were conducted to study luminance processing in object substitution masking. Deriving a prediction from a metacontrast masking study (Becker & Anstis, 2004 ) a smaller substitution masking effect could be hypothesized when a mask and a target have opposite contrast polarities. Later arriving luminance processing signals that emphasize the target and mask difference may assist attentional selection initiated by the boundary contour processing. A typical substitution masking effect would be expected in the same contrast polarity conditions. In the first experiment we presented the same or different contrast polarity stimuli on the 61.2 cd/m 2 luminance (midgray) background. In the second experiment we presented the stimuli on the 88.2 cd/m 2 luminance (light gray) background to control for the saliency of the positive contrast polarity stimuli. The third experiment was designed to see how a simple same polarity contrast difference would influence the perception of the target and mask.
Experiment 1

Methods
Stimuli and procedure
Landolt stimuli with either positive or negative contrast polarity were shown for 20 ms on the 61.2 cd/m 2 luminance (mid-gray) background on a computer monitor. Positive contrast polarity stimuli had 136 cd/m 2 (white) luminance, contrast c = 1.2. Negative contrast polarity stimuli had 8.2 cd/m 2 luminance (black), contrast c = À0.87. The centers of the Landolt rings (1.2°in diameter) were located on an imaginary circle (8.6°in diameter) that surrounded a fixation cross (0.2°). The cross was visible throughout the experiment. Spacing between neighboring Landolts was 3.6°from center to center. The gap in the Landolt ring was 0.3°, four possible gap directions were up, down, left or right. There were one to eight Landolts on display. When there was maximum number of Landolts on display they were evenly distributed. Less than eight Landolts on display were randomly distributed between eight possible locations that were evenly distributed. The locations of the Landolts were randomly selected from eight locations on each trial. On Fig. 1 all contrast polarity conditions for three distracters trial are depicted. A simultaneous four-dot mask appeared around a target Landolt. One dot (the dot had a square shape) measured 0.4°times 0.4°and the separation between the target and mask was 0.4°. Depending on the trial, the mask was either switched off simultaneously with the target or the offset was delayed 100, 200 or 300 ms after the target offset.
Participants had to fixate and click a button with a computer mouse. After a button click, all stimuli appeared simultaneously around the fixation cross. The stimuli were the Landolts and the target Landolt was surrounded by a four-dot mask. The task of the participant was to identify the direction of the gap in the target Landolt with a mouse click on an appropriate Landolt on the response panel after the stimuli had disappeared. 10 students (three males, eight females) voluntarily chose to participate in the first experiment for additional course credit points.
Results
Data for Experiment 1 are presented separately for each contrast polarity condition in Fig. 1 . Three way repeated measures within subjects ANOVA of the mean percentage of correct responses were conducted.
1 Independent factors (4 (contrast polarity stimuli: a negative polarity target with a negative polarity mask, a positive polarity target with a positive polarity mask, a positive polarity target with a negative polarity mask, a negative polarity target with a positive polarity mask) Ã 4 (number of distracters: 0, 1, 3, 7) Ã 4 (mask offset delay: 0, 100, 200, 300 ms)) yielded 64 within subject measurements.
The substitution masking effect was found in all polarity conditions. An interaction between the mask offset delay and number of stimuli F(9, 81) = 16.2, p < .0001 showed a gradual decrease in target identification. This occurred as more distracters were displayed and as the length of the mask offset delay was increased (Fig. 1) . A main effect of the mask offset delay F(3, 27) = 65.2, p < .0001 was found, indicating a decrease in target identification with longer mask offset delays. The mean percentages of correct responses decreased as the number of distracters increased, confirmed by the main effect F(3, 27) = 133.3, p < .0001. These results are in accordance with Di Lollo et al. (2000), the simultaneous four-dot masking effect (decrease in percent correct) reaches its maximum at mask offset delays around a 150 ms and does not recover.
As we predicted, a main effect of contrast polarity F(3, 27) = 5.1, p = .006 occurred. Mean percentages of correct identifications were: 74.2%, SD = 21 with the positive polarity stimuli; 71.6%, SD = 21 with the negative polarity stimuli; 76.6%, SD = 20.9 with the negative polarity target with positive polarity mask; 77%, SD = 20 with the positive polarity target with negative polarity mask. Pair-wise comparison of all polarity conditions showed that identifi- cation was better in the conditions where a mask and a target had opposite contrast polarity compared to the condition where a mask and a target had negative contrast polarity. Paired samples t-test comparison of mean percentages correct of negative stimuli trials and positive polarity target with negative polarity mask trials in conditions where mask was not delayed t = À2.6; mask was delayed 100 ms t = À3.2; mask delayed 200 ms t = À3.1; mask was delayed 300 ms t = À4.6. Comparison of negative stimuli trials and negative polarity target with positive polarity mask trials where mask was delayed 100 ms t = À3.1; mask was delayed 200 ms t = À2.8. Comparison of positive stimuli trials and positive target with negative mask trials where mask was delayed 300 ms t = À2.8 (all p < .05).
The interaction between contrast polarity and mask offset delay, F(9, 81) = 2.1, p = .046 indicates that contrast polarity has an effect on substitution masking. As can be seen from Fig. 2 , the masking effect was the largest in the negative contrast polarity target and mask condition when mask offset was delayed. In delayed mask trials significantly higher mean correct percentages occurred with opposite polarities target and mask compared to the negative polarity target with negative polarity mask condition. Positive polarity stimuli were perceived as opposite polarity stimuli with 100 ms mask offset delay and as negative polarity stimuli with 300 ms mask offset delay.
We also found an interaction between contrast polarity of stimuli and the number of distracters F(9, 81) = 3.1, p = .004 (Fig. 3) . However, the negative polarity target with positive polarity mask did not show weaker masking effect, contrary to what could be predicted by the interaction with attentional selection processes hypotheses. Paired samples t-test comparison of mean percentages correct of negative stimuli trials and positive polarity target with negative polarity mask trials in conditions with one distracter t = À2.5; three distracters t = À2.7; seven distracters t = À4.3 (all values p < .05). Comparison of negative stimuli trials and negative polarity target with positive polarity mask trials where distracters were not shown t = À2.8, one distracter was shown t = À3.0. Comparison of negative and positive stimuli trials where seven distracters were shown t = À2.4; positive stimuli and positive target with negative mask with seven distracters t = À2.2. Comparison of positive stimuli and negative target with positive mask with no distracters t = À2.8 and when the opposite polarity conditions were compared to each other also with no distracters t = À4.7 (all p < .05). According to the hypothesis, the masking effect should be equally attenuated in both conditions where the target and mask had opposite polarities. Our results seemed somewhat puzzling because in metacontrast study of Becker and Anstis (2004) the results of different contrast polarity stimuli did not depend on what was the exact center-surround luminance configuration. One explanation for the results of this experiment could be that the opposite contrast polarity conditions differed from each other because the contrast of positive and negative stimuli was not equally different from the background (the mask with negative contrast polarity had lower contrast value than the target with positive contrast polarity). Therefore, we conducted an additional experiment where we diminished the saliency of the positive contrast polarity target.
Experiment 2
Methods
In order to control whether better saliency of a target with positive contrast polarity on the 61.2 cd/m 2 luminance background could explain the results of the first experiment we changed the luminance background to 88.4 cd/m 2 . Therefore, the contrast of positive stimuli became c = 0.54 and the contrast of negative stimuli c = À0.91. The stimuli and procedure used were the same as in the previous experiment. 10 female students participated voluntarily in the study for additional course credit points.
Results
A repeated measures within subjects ANOVA of mean percentage of correct responses (4 (contrast polarity: a negative polarity target with a negative polarity mask, a positive polarity target with a positive polarity mask, a positive polarity target with a negative polarity mask, a negative polarity target with a positive polarity mask) Ã 4 (number of distracters: 0, 1, 3, 7) Ã 4 (mask offset delay: 0, 100, 200, 300 ms)) revealed the same significant effects as in the previous experiment. The mean percentages of correct responses in conditions with no distracters were about 10% lower in all conditions where either a target or a mask had positive polarity. This indicates that the saliency of the positive polarity stimuli could compensate for the contrast polarity effect found in the first experiment. Interestingly, the means of the negative polarity target with the negative polarity mask condition did not change much in this second experiment even though the 88.4 cd/m 2 luminance background should have made the negative stimuli more salient.
The interaction between the mask offset delay and the number of distracters, F(3, 81) = 8.8, p < .0001, confirmed there was a substitution masking effect in all contrast polarity conditions. The main effect of the mask offset delay was (3, 27) = 49.2, p < .0001, showing a gradual decrease in the mean percentages of correct responses with increasing mask offset delays. The main effect of the number of distracters was F(3, 27) = 104.8, p < .0001, in other words, the more distracters were on display the lower were the mean percentages of correct responses. The experiment was conducted to find out whether the polarity effect still occurred when the background had higher luminance (a positive polarity target would be less salient). Indeed, the main effect of the stimulus polarity was found again, F(3, 27) = 17.1, p < .0001. Identification was better when a target and a mask had opposite polarities compared to the conditions where a target and a mask had a same contrast polarity. Mean percentages of correct responses: 68.2%, SD = 19.9 with the positive polarity stimuli; 69.2%, SD = 22.2 with the negative polarity stimuli; 80.0%, SD = 19.9 with the negative polarity target with positive polarity mask; 72.1%, SD = 18.5 with the positive polarity target with negative polarity mask. The least masking occurred when the polarity of the target was negative (salient) and the mask was positive (less salient). However, the effect of decreased masking in the positive polarity target with negative polarity mask condition was also still significant. There was no difference in identification when a target and a mask had the same contrast polarity.
The interaction between mask offset delay and four contrast polarity conditions was F(9, 81) = 2.7, p = .008 revealing that in the opposite polarity target and mask conditions masking was decreased compared to same polarity conditions when the mask offset delay was longer than 100 ms. Trials with 0 and 100 ms mask offset delay showed decreased masking only in the negative polarity target with positive polarity mask condition (Fig. 4) .
The interaction between the number of distracters and the contrast polarity conditions was F(9, 81) = 6.5, p < .0001. Fig. 5 and Table 1 reveal that if there were more than 1 distracter on display then the opposite polarity masks were not as effective as the same polarity masks. The effect of a positive polarity mask on a negative polarity target was also weak when there were less than three distracters on display. Therefore, the luminance processing influence in this experiment comes partially from weakened local interaction of opposite polarity stimuli.
A meta-analyses of the results of the first and second experiment showed that positive polarity stimuli were more salient in the first experiment. This can be seen from the decreased mean percentages of correct identifications under the positive polarity target and mask conditions in the second experiment. Better saliency was probably the reason why the positive polarity stimuli conditions gave similar mean percentages of correct identification with the opposite polarity conditions in the first experiment. However, the mean percentages of correct identification of the negative polarity target with negative polarity mask conditions were the same in both experiments. This indicates that saliency of negative polarity stimuli was not increased by changing the background luminance to 88.4 cd/m 2 . Using high contrast stimuli (Del Viva, Gori, & Burr, 2006) , when no physical delay is present in the opposite contrast stimulus pair, the visual system introduces a delay of the black relative to the white. Interestingly, in that study lowering the contrast of black dots did not affect the result, illusory motion (the dark dots followed the light dots) was perceived. Lowering the contrast of the white dots, as we also did in our second experiment, annulled the illusion. Their study shows one possibility why decreasing the contrast of positive polarity stimuli decreased masking the most in the negative polarity target with positive polarity mask conditions of our second experiment.
The main finding of the first two experiments was that different contrast polarity of the target and mask has a decreasing effect on substitution masking. However, the saliency effect hinted that the contrast polarity effect that we observed might have been confounded with the different contrasts values of the target and mask. This was controlled in the third experiment.
Experiment 3
Methods
Making the positive luminance mask relatively dimmer by raising the background luminance in the previous experiment gave an advantage to the negative polarity target processing. A low contrast mask may be less effective when displayed with a high contrast target compared to the same contrast target, regardless of the polarity difference. In order to measure the substitution masking effect based on the contrast difference of the target and mask, we manipulated the luminance of the stimuli in the range of one polarity. The stimuli and procedure were the same as in the previous experiments but only positive contrast polarity stimuli were used. The background luminance was 61 cd/ m 2 , luminance of the stimuli was 136 cd/m 2 (bright, c = 1.23) and 98 cd/m 2 (dim, c = 0.61). Eight students (five female, three male) voluntarily participated in the experiment for additional course credit points.
Results
A repeated measures within subjects ANOVA of mean percentage of correct responses (4 (contrast: a bright target with a bright mask, a dim target with a dim mask, a dim target with a bright mask, a bright target with a dim mask) Ã 4 (number of distracters: 0, 1, 3, 7) Ã 4 (mask offset delay: 0, 100, 200, 300 ms)) revealed the typical object substitution masking effect. The longer mask offset delays with the larger number of distracters lowered the mean percentages of correct responses F(9, 63) = 8.79, p < .001 across all contrast conditions. Accordingly, the main effect of mask offset delay was F(3, 21) = 89, p < .001 and the effect of the number of distracters was F(3, 21) = 115.38, p < .001.
The primary finding of this experiment was that different contrasts of the target and mask influenced target perception, F(3, 21) = 8.3, p < .001. On average, significantly more correct responses were given in the bright targets conditions, the highest mean percentages of correct responses Note. TÀMÀ, a target and a mask had negative contrast polarity; T+M+, a target and a mask had positive polarity; T+MÀ, a target had positive and a mask negative polarity; TÀM+, a target had negative and a mask positive polarity; * p < .05; ** p < .01.
given in the bright target with the dim mask conditions. The lowest mean percentages of correct responses resulted from the dim target with the bright mask conditions. Mean percentages of correct responses: 74.4%, SD = 12.5 with the dim stimuli; 77%, SD = 12.9 with the bright stimuli; 71.2%, SD = 14.8 with the bright target with dim mask; 80.1%, SD = 11.5 with the dim target with bright mask. The interaction between the mask offset delay and four contrast difference conditions was F(9, 63) = 2.9, p = .006. The substitution masking effect was attenuated in the bright target with dim mask conditions when the mask was delayed, as can be seen from the highest means of correct responses (Fig. 6) . The strongest masking effect appeared in the bright target with the dim mask trials with a delayed mask. Mean responses to the trials with the same contrast stimuli did not differ from each other either across the mask offset delays or with different numbers of distracters (Figs. 6 and 7 and Table 2 ). The contrast difference of the target and the mask enhanced bright target identification when surrounded by a dim mask and diminished identification of a dim target when surrounded by a bright mask whenever there were distracters on display (Fig. 7) . Therefore, luminance difference plays its role in object substitution masking by drawing attention to the bright stimulus (the target or the mask) and enables the segregation of the target and mask. This effect is not seen when the target and mask are switched off simultaneously but is seen when the mask is delayed.
General discussion
The aim of the present study was to find out how luminance increments and decrements are processed in substitution masking conditions. First two experiments showed that the masking effect was decreased in trials with more than one distracter or mask offset delays longer than 100 ms if the opposite contrast polarity conditions were compared with the negative polarity conditions. Trials where the target and mask had the same polarity and there were more than one distracter, or with a mask offset delay longer than 100 ms, showed significantly more masking than opposite polarity conditions in the second experiment. The third experiment showed that the contrast difference of the target and the mask enhanced bright target identification when surrounded by a dim mask and diminished dim target identification when surrounded by a bright mask when there were distracters on display or the mask offset was delayed.
Comparison of the results of all our three experiments shows that the pattern of results was similar in Experiments 1 and 2 and different in Experiment 3. The most interesting trials in the first two experiments are those trials with different contrast pdolarities where simultaneous mask offset results were similar to the same contrast polarity trials. In Experiment 1 these were the trials where the negative polarity target was presented with positive polarity mask. In Experiment 2, correspondingly, the positive polarity target with negative polarity mask trials performance was equal to the same polarity trials with a simultaneous mask offset. In those trials target processing did not seem to get a head start due to the large contrast difference. This conclusion can be derived from the fact that the supposedly more severe, different contrast polarity mask was equal or worse in effectiveness compared with the same polarity mask. Therefore, we found that the target with opposite contrast polarity did not completely recover from object substitution masking, as we predicted on the basis of the Becker and Anstis (2004) metacontrast masking study. Our results are more similar to the Breitmeyer (1978) study where metacontrast masking was only slightly reduced in opposite contrast polarity conditions. However, the general decrease in the object substitution masking when the target and the (TDMD) the target and the mask were dim; (TBMB) the target and the mask were bright; (TDMB) the target was dim and the mask was bright; (TBMD) the target was bright and the mask was dim. The ''whiskers" depict standard errors of the means. (TDMD) the target and the mask were dim; (TBMB) the target and the mask were bright; (TDMB) the target was dim and the mask was bright; (TBMD) the target was bright and the mask was dim. The ''whiskers" depict standard errors of the means. mask had opposite contrast polarities and the mask was delayed more than 100 ms favors the view of the interaction of the contrast polarity processing and attentional selection.
Experiment 3, where we altered the luminance difference of the same contrast polarity stimuli, produced the common-sense results. The mask with high luminance decreased the mean percentages of correct answers and the mask with low luminance attenuated masking when the mask was delayed. We conducted a control experiment (not reported in this paper) with a few subjects to verify that the contrast difference will make the target barely visible in simultaneous mask offset trials with extremely low contrast opposite polarity targets and no distracters. Therefore, when performance is below 50% with opposite contrast polarity stimuli in simultaneous offset trials, the results with the delayed mask are similar to our experiment where stimuli had a same contrast polarity but different luminance. However, the results of our study show that contrast polarity difference of the mask and target decrease attention dependent substitution masking differently from the same contrast polarity but different luminance stimuli. That can be seen with the stimuli that yielded nearly 100% correct target identification with simultaneous mask offset and no distracters.
The fact that substitution masking was decreased in opposite contrast polarity conditions with more than one distracter directed us to compare these results with polarity and grouping effects in visual search studies. Gilchrist, Humphreys, Riddoch, and Neumann (1997) experimented with a search display of paired dots where distracters were horizontally aligned with same or opposite contrast polarity dots and the target was a similar pair of vertically aligned dots. They found that a same polarity target among positive polarity distracters was found faster than a pair of opposite polarity dots among opposite polarity distracters. The authors offered two possible explanations for why search for the opposite polarity pair of dots was slower. First, grouping of objects may be based on absolute brightness levels, requiring identical brightness token values representing surface properties of objects (Marr, 1982) . Second, grouping between objects may depend on the derivation of low spatial frequency components from the brightness values in the image (e.g., image blurring, Watt and Morgan (1985) ). When the image-blurring technique proves ineffective (opposite polarity condition), search becomes slow and effortful. Our experiments did not reveal the superiority of a same polarity target and mask ''group". At least in the second experiment it appeared that the opposite polarity target and mask were found faster than the same polarity target and mask in either positive or negative polarity conditions. Therefore, decreased masking in opposite polarity conditions, where more than one distracter was displayed supports processing based on brightness values. The task of the subject in our study was to search for a mask-cue and ungroup it from the target efficiently in order to identify that target. This task was easier with opposite luminance polarity stimuli. Perhaps opposite brightness values improve Gestalt grouping based segregation of target and mask.
Another explanation how grouping together the mask and the target should have influenced our results is discussed in Di Lollo et al. (2000) . They have shown that increasing the structural differences between the target and the distracters to a large degree would result in pop out seen in standard visual search (Treisman & Gormican, 1988) . Search times become progressively faster as the target is made more discriminable from the distracters (Duncan & Humphreys, 1989) . In our experiments the target is more discriminable from the mask, not from the distracters. The mask could attract attention to the target's location and therefore, the faster search would be inferred from the high-level of correct responses to the different contrast polarity stimuli trials independently of the mask delay. This kind of reasoning does not explain why the performance in the different contrast polarity trials across all mask delays was quite similar to the same contrast polarity trials in our experiments. Since our stimuli are maximally different in contrast polarity, we would expect much better performance and less dependence on mask offset delay compared to the same contrast polarity stimuli in case of pop out. If we hypothesize that the different contrast polar- ity mask, that is a pop out stimulus on the display, would draw attention faster to the mask and not to the target, we would expect increased masking in the different contrast polarity conditions. Our results did not show that. Instead, the drawing of bottom-up spatial attention to the location including also the target seems to be a better explanation (see also Luiga & Bachmann, 2007) . Similarly, Moore and Lleras (2005) proposed that when the target and the mask are of different colors it should be easier to establish distinct object representations for the two before target offset than when they are of the same color. Therefore, there should be less object substitution masking in the different colors-separated condition than in the not-separated condition. In their study the decrease of masking in different colors-separated conditions occurred when the mask was delayed and the number of distracters was kept constant (eight distracters). This logic could apply to our results too since opposite polarity conditions appear to look like different colors (black and white stimuli on a gray background).
In conclusion we can say that lower level features such as luminance or color may have an effect on substitution masking also after 80 ms from stimulus onset and shorten time to contact with the target. When those lower level features enable faster formation of distinct object representation, it can interact with attentional selection processes in object substitution masking.
